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Seasonal Forage A v a i l a b i l i t y  i n  Re la t ion  t o  Energy 
Requirements o f  Pine Voles i n  Two Orchard Types 
R. L. Lochmi l ler ,  J. B. Whelan and R. L.  K i r k p a t r i c k  
Department o f  F isher ies  and N i l  d l  i f e  Sciences 
V i r g i n i a  Poly technic  I n s t i t u t e  and S ta te  U n i v e r s i t y  
Blacksburg, VA 24061 
Resul ts  from prev ious work on p ine  vo le  populat ions and h a b i t a t  
i n t e r a c t i o n s  (Cengel e t  a1 . 1978; No f fs inger  1976) suggested t h a t  p ine  
v o l e  populat ions were q u i t e  s e n s i t i v e  t o  seasonal changes i n  the 
q u a n t i t y ,  species composit ion, and n u t r i t i v e  value of a v a i l a b l e  forage. 
Th is  conclus ion was based on decreases i n  both reproduct ive performance 
and phys ica l  c o n d i t i o n  o f  p i n e  voles c o l l e c t e d  from abandoned orchards 
i n  the  f a l l  as compared t o  voles taken from maintained orchards dur ing 
the  same season. U t i l i z i n g  in fo rmat ion  from these inves t iga t ions ,  a  
" fo l l ow-up"  s tudy was designed t o  i n v e s t i g a t e  food a v a i l a b i l i t y  and 
n u t r i e n t  composit ion, food consumption, food d i g e s t i b i l i t y ,  and energy 
requirements o f  p i n e  voles. Results from t h i s  b ioenerget ic  approach t o  
s tudy ing p i n e  vo le  populat ions,  coupled w i t h  d e t a i l e d  knowledge of t h e i r  
popu la t ion  dynamics, should prov ide usefu l  i n fo rmat ion  f o r  i d e n t i f y i n g  
c r i t i c a l  o r  weak p o i n t s  i n  the  ecology o f  populat ions as w e l l  as f o r  
assessing the  e f f e c t s  o f  var ious management o r  c o n t r o l  s t r a t e g i e s  
app l ied  t o  b i o l o g i c a l  (orchard) systems. Data from t h i s  research on 
eco log ica l  energe t i cs  o f  p i n e  vo le  populat ions wi 11 u l t i m a t e l y  be 
inc luded  as p a r t  o f  an o v e r a l l  populat ion energet ics model which w i l l  be 
used f o r  s i m u l a t i n g  both n a t u r a l  and man-induced h a b i t a t  changes and 
p r e d i c t i n g  t h e i r  e f f e c t  on p ine  vo le  populat ions (Coyle & T ip ton,  
unpubl ished). Th is  paper summarizes the major po in ts  obtained from a 
b ioenerge t i c  s tudy conducted dur ing  1978 and 1979 i n  an orchardabandoned 
f o r  9  years and a mainta ined orchard, both loca ted  near D a l e v i l l e ,  
V i r g i n i a .  
F ind ings o f  Studies Conducted 
Net pr imary product ion est imates o f  above ground herbaceous 
f o r  areas beneath apple t r e e  canopies and f o r  areas ou ts ide  canopies 
w i t h i n  both mainta ined and abandoned orchards i n d i c a t e d  t h a t  dur ing  the 
summer, f a l l ,  and w in te r ,  the  maintained orchard had much g rea te r  
herbaceous biomass than the abandoned orchard. 
Dur ing the p e r i o d  from August t o  January, apple drops accumulated 
on the  ground and prov ided an a d d i t i o n a l  food source t o  supplement the 
herbaceous vegetat ion a v a i l a b l e  t o  voles. Dur ing the  w i n t e r  season, 
apples comprised 77 percent  o f  the  t o t a l  biomass a v a i l a b l e  and 79percent  
o f  the  t o t a l  o r  gross energy a v a i l a b l e  i n  the maintained orchard. I n t h e  
abandoned orchard, apples comprised 33 percent  o f  the t o t a l  energy and34 
percent  o f  the t o t a l  biomass. During the w i n t e r  season, apple biomasson 
the ground was s i g n i f i c a n t l y  g rea te r  i n  the  maintained orchard than i n  
the abandoned orchard. Dur ing o ther  seasons, the re  was no d i f f e r e n c e  
between orchards i n  a v a i l a b l e  apple biomass on the ground. 
To determine which forages occur r ing  i n  the orchards were p r e f e r r e d  
by p i n e  voles, a  se r ies  of 9  feeding t r i a l s  were conducted us ing 14 
forages. Food i tems were ranked i n  order  o f  decreased preference, based 
on these choice t e s t s .  Apple f r u i t  was a h i g h l y  preferred food i tem 
among a l l  vo les t e s t e d  and was completely consumed before subs tan t ia l  
amounts of o t h e r  forages being o f f e r e d  t o  voles a t  the  same t ime were 
consumed. Se lec t ion  and consumption o f  the remaining 13 food i tems 
i n d i c a t e d  t h a t  voles were very d ive rse  i n  t h e i r  feeding hab i t s ,  e.g., 
voles consumed t o  some degree a l l  7 f o r b  species tested.  This  diversity 
o f  food h a b i t s  may be impor tant  f o r  easing the t r a n s i t i o n  between 
seasonal food suppl ies.  Also, i n  t h i s  study, fo rbs  were p r e f e r r e d  over 
grasses. The low p a l a t a b i l i t y  o f  matur ing grasses appeared t o  be the 
r e s u l t  o f  h igher  f i b e r  concentrat ions.  I n  maintained apple orchards 
which a r e  mowed c o n t i n u a l l y ,  however, a  g rea te r  supply o f  low f i b e r g r a s s .  
forage becomes a v a i l a b l e  from constant regrowth. 
Forbs were a p r e f e r r e d  forage; however, they c o n s t i t u t e d  on ly  a very 
small  p o r t i o n  o f  the  n e t  pr imary product ion a v a i l a b l e  i n  each orchard. 
Voles appeared t o  be q u i t e  s e l e c t i v e  i n  what they ate.  For example, 
orchard grass was the  most abundant p l a n t  species i n  the  maintained 
orchard b u t  was found t o  be q u i t e  low i n  d i g e s t i b i l i t y  and preference. 
Several o f  t h e  h i g h l y  p r e f e r r e d  p l a n t  species such as c lover ,  dandelion, 
and p l a n t a i n  a re  c h a r a c t e r i s t i c  o f  open f i e l d s  and can be shaded ou t  by 
o t h e r  p l a n t s  which grow more e rec t .  The p r o l i f i c  nature o f  poison 
i v y  was ma in ly  responsib le  f o r  the  n e a r l y  complete e l i m i n a t i o n  o f  these 
p r e f e r r e d  fo rbs  from the  abandoned orchard, whereas mowing operat ions i n  
the  mainta ined h a b i t a t  encouraged t h e  s u r v i v a l  o f  p re fe r red  forages. 
I t  appeared from the q u a n t i t a t i v e  and q u a l i t a t i v e  ana lys is  o f  the  
seasonal pr imary product ion i n  both orchard hab i ta ts ,  t h a t  the  vo le  
popu la t ion  i n  the  abandoned orchard was genera l l y  s u r v i v i n g  i n  a lower  
qual  i t y  h a b i t a t .  The qual i t y  o f  h a b i t a t s  were 1 owest and t h e  d i f fe rences  
between the  2 orchards were g rea tes t  du r ing  the  w i n t e r  season. The 
abundant energy source which was a v a i l a b l e  from apples dur ing  the  f a l l  
season was g r e a t l y  depleted by mid-winter.  This was e s p e c i a l l y  t r u e  
w i t h i n  the  abandoned orchard. 
Using in fo rmat ion  c o l l e c t e d  dur ing  t h i s  study on a v a i l a b l e  pr imary 
p roduc t ion  o f  p r e f e r r e d  herbaceous p lan ts  and apple f r u i t s ,  i n  
con junc t ion  w i t h  data on seasonal d i g e s t i b i l i t y  o f  vo le stomach contents 
determined by the  1 i g n i n - t r a c e r  technique (No f fs inger  1976), the  t o t a l  
amount o f  d i g e s t i b l e  energy a v a i l a b l e  t o  p ine voles i n  the two orchards 
d u r i n g  each season was est imated. I n  the maintained orchard the  lowest 
va lue f o r  t o t a l  d i g e s t i b l e  energy (DE) a v a i l a b l e  occurred dur ing  the  
w i n t e r  season. However, i n  the abandoned orchard the  DE value f o r  
summer was 18 percent  lower than the  w i n t e r  value. Although herbaceous 
p l a n t  product ion was considerably  lower dur ing  w i n t e r  than duringsumner 
i n  the  abandoned orchard, the increased DE value f o r  w i n t e r  was the  
r e s u l t  of a  g rea te r  biomass o f  h igh energy apples a v a i l a b l e  dur ing the 
w i n t e r  season. 
By comparing the  seasonal DE values o f  a v a i l a b l e  forage t o  values 
o f  d i g e s t i b l e  energy requ i red  by a d u l t  male and female voles, an 
est imate o f  the number o f  a d u l t  voles which can be maintained on the 
a v a i l a b l e  d i g e s t i b l e  energy reserves i n  each orchard was made. Data 
r e q u i r e d  f o r  the  c a l c u l a t i o n  o f  seasonal DE requirements f o r  maintenance 
of a d u l t  voles was obta ined by Lochmi l le r  (unpubl ished) dur ing  another 
phase of t h i s  study which u t i l i z e d  standard techniques t o  determine the 
d a i l y  metabol izable energy requirements f o r  maintenance a t  c o n t r o l  l e d  
temperatures which approximated seasonal ambient temperatures. I t  i s  
apparent t h a t  energy a v a i l a b i l i t y  i n  the  abandoned orchard dur ing  a l l  
seasons was considerably  l i m i t e d  i n  comparison t o  t h a t  which was 
a v a i l a b l e  i n  t h e  ma in ta ined  orchard.  The seasonal c a r r y i n g  c a p a c i t y  f o r  
each orchard,  expressed as voles/ha, i n d i c a t e d  t h a t  d u r i n g  summer t h e  
ma in ta ined  o rcha rd  c o u l d  suppor t  16 t imes as many vo les  as t h e  abandoned 
o r c h a r d  and 7 t imes as many d u r i n g  the  w i n t e r .  
